Abstract. In this study, Hespintor, a protein with unknown function, was screened and obtained from the hepatoblastoma cell line, HepG2, using suppression subtractive hybridization (SSH). Sequence analysis demonstrated that the protein is a novel secreting member of the Kazal-type serine protease inhibitor (serpin) family, and possesses the basic structure of serpin, which is highly homologous to esophageal cancer-related gene 2 (ECRG2). To further elucidate its biological functions, the Hespintor protein was expressed and purified. The coding sequence of the Hespintor Kazal domain was cloned into the prokaryotic expression vector, pET-40b(+), and was then transformed into host bacteria (Escherichia coli) Rosetta (DE3). The optimally expressed recombinant fusion protein, Hespintor-Kazal, with a molecular weight of 42 kDa was obtained by 0.25 mmol/l isopropyl β-D-1-thiogalactopyranoside (IPTG) induction at 30˚C for 5 h. Western blot analysis was performed to further confirm the specificity of the recombinant protein, Hespintor-Kazal. The recombinant fusion protein, Hespintor-Kazal, was expressed in the host bacteria in the form of an inclusion body. Two-step metal chelating affinity chromatography and anion exchange chromatography columns were used to purify the recombinant protein.
Introduction
The most crucial step in the progression of cancer is the invasion and metastasis of tumor cells, which depends on certain tumor cell secretions that can hydrolyze the extracellular matrix (ECM) and basement membrane (BM). Tumor cells first secrete urokinase-type plasminogen activator (uPA), which is a serine protease that can activate plasminogen and produce plasmin (PLM). PLM then degrades the ECM, and can also activate the precursor and produce matrix metalloproteinases, which are involved in the hydrolysis of ECM. Finally, the ECM and BM are hydrolyzed and the tumor cells spread (1) . Therefore, controlling the levels or functions of uPA can be used for cancer treatment. In particular, the inhibition of uPA activity by Kazal-type serine protease inhibitors is the most direct approach and has the most prospects in clinical application (2) (3) (4) .
Suppression subtractive hybridization (SSH) was used in the present study to investigate the transregulation of the target genes by HBV RT/DNA polymerase, and a protein of unknown function was screened and obtained from the hepatoblastoma cell line, HepG2. The gene was a new member of the Kazal-type serpin family identified by RT-PCR verification and bioinformatics, and was named Hespintor (GenBank Accession no. DQ438947).
The cloned Hespintor Kazal domain encoding region from the HepG2 cells was subcloned into the prokaryotic expression vector, pET-40b(+), in the present study. Large quantities of Hespintor-Kazal recombinant protein with fusion tag proteins were expressed, as shown by isopropyl β-D-1-thiogalactopyranoside (IPTG) induction. High-efficiency expression of the recombinant fusion protein, Hespintor-Kazal, was obtained by optimization screening under IPTG induction conditions. Finally, the purified recombinant protein with specific inhibition of trypsin hydrolysis activity was obtained by a further two-step purification of the Ni 2+ and Q columns and renaturation on columns, which provides the basis for the research into the next step.
Materials and methods
Plasmids and strains. The cloning vector, pMD 20-T/Hespintor cDNA, and Escherichia coli DH5α were obtained from our laboratory; Escherichia coli Rosetta (DE3) and the prokaryotic expression vector, pET-40b(+), were purchased from the Physical and Chemical Analysis and Testing Center of Beijing; the pMD 19-T Simple Vector was purchased from Takara Biotechnology Co., Ltd. (Dalian, China).
Purification and identification of the Kazal domain of a novel serine protease inhibitor, Hespintor, through a bacterial (Escherichia coli) expression system
Primers. The sequence-specific primers with restriction endonuclease (BamHI and HindIII) cleavage sites of forward (5'-GGA TCCGCCTAAGCCCCG-3') and reverse (5'-GCGCAAGC TTATCACATTTTCCATATTTTTC-3') were designed according to the gene sequence of Hespintor (GenBank Accession no. DQ438947) and were synthesized by Takara Biotechnology Co., Ltd. 
Construction and identification of prokaryotic expression vector, PET-40b(+)/Hespintor-Kazal.
The domain coding sequence of the Kazal-type Hespintor was amplified by PCR, with pMD 20-T/Hespintor cDNA as the template. The PCR products were analyzed by 3% agarose gel electrophoresis and were purified and refolded. The purified target gene fragment was incubated with the pMD 19-T Simple Vector at room temperature overnight for ligation, and the ligation product was then transformed into DH5α competent cells. The plasmids were extracted using alkaline lysis and further sequenced to prove that the target gene fragment was inserted into the T vector correctly. The target gene fragment was then digested from the recombinant T vector with BamHI/HindIII, and was purified and obtained by 3% agarose gel electrophoresis. The purified target fragment was ligated to the prokaryotic expression vector pET-40b(+) digested with the same restriction enzymes, and the ligation product was used to transform Escherichia coli Rosetta (DE3). The plasmids were extracted by alkaline lysis for further enzyme digestion and protein identification.
Induction of expression and optimal induction conditions of recombinant fusion protein, Hespintor-Kazal. pET-40b(+)/Hespintor was transformed into the Escherichia coli Rosetta (DE3) strain and cultured in LB liquid medium containing 34 µg/ml chloramphenicol and 10 µg/ml kanamycin overnight at 37˚C. The strains were scaled up for cultivation according to proportions. Optimization was conducted by selecting different induction conditions. The effects of induction time, the final IPTG concentration and the induction temperature on the expression of the target proteins were investigated. Three parallel groups were tested under each condition. The strains were harvested by centrifugation, and 15% SDS-PAGE was used to analyze the optimal induction conditions. Purification and identification of the recombinant fusion protein, Hespintor-Kazal. Western blot analysis was used to determine the expression of the recombinant proteins. The harvested bacteria induced by the optimal conditions were lysed by ultrasonic wave. The precipitate (i.e., inclusion) was dissolved in 8 mol/l urea solution, and the supernatants were harvested after centrifugation. Solution A (8 mol/l urea, 0.5 mol/l NaCl, 20 mmol/l imidazole; pH 8) was used to balance the Ni 2+ column, and the supernatant was applied to the column after sucking filtration and degassing. Solution A was used to flush continuously, and solution B (0.5 mol/l NaCl, 20 mmol/l imidazole; pH 8) was used in protein refolding with the gradient elution program from 0% B to 100% B. The refolding time of the protein was 150 min. During the process, the fusion protein solution was adjusted from 8 mol/l urea to 0 mol/l urea. The denatured fusion proteins were folded again and formed a spatial structure with biological activity (column refolding). All processes were conducted in low temperature environments. Following complete urea removal, solution C (0.5 mol/l NaCl, 500 mmol/l imidazole; pH 8) was used for elution. The eluting peak was determined by 15% SDS-PAGE. Solution D (20 mmol/l Tris-HCl; pH 8) was used to balance the Q column. The samples purified with the Ni 2+ columns were diluted with solution D and analyzed. Solution E (20 mmol/l Tris-HCl, 1 mol/l NaCl; pH 8) was used for gradient elutions. The eluting peaks were determined by 15% SDS-PAGE. The concentration of the recombinant protein was detected by the Bradford method.
Activity identification of the recombinant fusion protein,
Hespintor-Kazal. The activity of the recombinant fusion protein, Hespintor-Kazal, was identified according to the Sigma method with minor modifications. Briefly, 8 tubes with a volume of 5 ml were taken and numbered. Subsequently, 200 µl 40 µg/ml trypsin followed by 0, 20, 40, 80, 120, 160, or 200 µl of the recombinant protein purification liquid were added to 7 tubes. To the remaining centrifugation tube, 20 µl 1 mmol/l added, with HCl as the blank control. Tris-HCl was used to supplement to a final volume of 2 ml, and the reaction was conducted in a 37˚C water bath for 10 min. To each tube was added 1 mmol/l BAPNA, and the mixture was incubated in a 37˚C water bath for 5 min. Finally, 1 ml 60% acetic acid was added to each tube to terminate the reaction. The OD value was measured at 595 nm. The inhibition rate of the recombinant fusion protein, Hespintor-Kazal, was calculated according to the following equation and the inhibition curve was obtained:
(∆A 405 nm/min Uninhibited -∆A 405 nm/min Inhibition)
(∆A 405 nm/min Uninhibited -∆A 405 nm/min Blank)
Results
Construction of the prokaryotic expression vector, HespintorKazal. The Hespintor cDNA consisted of 285 nucleotides, encoding 94 amino acids (Fig. 1) . The Phyre 2 Protein Fold Recognition Server (http://www.sbg.bio.ic.ac.uk/~phyre2) was used to predict and obtain the tertiary structure of Hespintor (Fig. 2) . The results revealed that Hespintor consisted of 3 domains: a signal peptide with 1-23 terminal amino acid resi-dues in the N terminal, a typical Kazal domain with 35-94 amino acids and a connected region between the N terminal signal peptide, and a Kazal domain with 24-34 amino acid residues.
The domain coding sequence of the Kazal-type Hespintor was amplified using PCR with pMD 20-T/Hespintor cDNA as the template. The PCR products were detected by 3% agarose gel electrophoresis. An amplified product of approximately 197 bp was obtained. Following the ligation of the purified PCR product with T vector, the positive recombinant pMD 19-T Simple/Hespintor-Kazal was obtained and identified by blue-white screening and double enzyme digestion. The sequencing results demonstrated that the target gene fragments had been correctly inserted into the T vector. The target gene fragment obtained from the T vector digested with double enzyme digestions of BamHI/HindIII was ligated to the pET-40b(+) digested with the same enzymes. The enzyme digestion results illustrated that the recombinant prokaryotic expression vector, pET-40b(+)/Hespintor-Kazal, was successfully constructed (Fig. 3) .
Expression conditions and screening of the recombinant fusion protein, Hespintor-Kazal. The recombinant vector, PET-40b(+)/Hespintor-Kazal, was transformed into Escherichia coli Rosetta (DE3). Following the induction of Hespintor expression, 15% SDS-PAGE was used to analyze the protein levels. The results revealed a distinct protein band with a molecular weight of approximately 42 kDa. The screening results of the expression conditions revealed that the induction time had no obvious effect on the expression levels of the recombinant fusion protein, Hespintor-Kazal. However, the expression level of Hespintor-Kazal was relatively high after 5 h of induction. Furthermore, the concentration of IPTG had no significant effect on the recombinant protein expression. Due to the toxic effects of high concentrations of IPTG on bacteria, 0.25 mmol/l was selected as the concentration of IPTG. As regards the induction temperature, the expression level of the recombinant protein was only 33˚C. Taking into account the effects of temperature on the growth of bacteria, 30˚C was selected as the induction temperature (Fig. 4) . The obtained supernatant and precipitate following centrifugation of the induction products were analyzed by 15% SDS-PAGE. The results indicated that the recombinant fusion protein, Hespintor-Kazal, existed in the precipitation in the form of an inclusion body (Fig. 5) , accounting for 25.83% of the total bacteria proteins. Western blot analysis further indicated that the recombinant protein specifically interacted with the His monoclonal antibody (Fig. 6) .
Purification, renaturation and identification of the recombinant fusion, protein Hespintor-Kazal. The inclusion body solution was examined by histidine affinity chromatography. The recombinant fusion protein, Hespintor-Kazal, was renatured and eluted by columns. The eluted target protein showed a single absorption peak monitored by the protein elution curve (Fig. 7A) . The SDS-PAGE results revealed that the proteins purified by the Ni 2+ column mainly migrated in the form of 2 bands, and there were few impurity proteins. Therefore, the protein products purified by affinity chromatography were analyzed by anion exchange chromatography (Fig. 7B) . Finally, the single specific band of the target protein was obtained by SDS-PAGE detection (Fig. 8) . The concentration of the puri- fied protein was 193.678 µg/ml measured by the Bradford method. That is, 0.77 mg of the recombinant fusion protein, Hespintor-Kazal, was obtained from 1 litre of bacteria liquid following the induction of expression after the bacteria liquid was crushed by ultrasonic wave and purified by the two-step columns of Ni 2+ and Q.
Activity identification of the recombinant fusion protein, Hespintor-Kazal. Trypsin can hydrolyze BAPNA and produce colorless benzoyl-L-arginine and sandy p-nitroaniline, and the solution was light brown. If excessive trypsin inhibitors are added into the system, the hydrolytic activity of trypsin is inhibited, and the substrates cannot be hydrolyzed and paranitroanilinum cannot be produced. Thus, the solution is colorless. The results demonstrated that the trypsin inhibition rate of the recombinant fusion protein, Hespintor-Kazal, increased with the increase in protein concentrations. When the protein concentration was 38.74 mg/ml, the trypsin inhibition rate reached 91.57%. Thus, the inhibitory effects of the recombinant fusion protein, Hespintor-Kazal, on trypsin were high, and the inhibition curve showed a dose-dependent trend (Fig. 9) .
Discussion
Previous studies have demonstrated that the ECM and BM degradation abilities of proteases produced by tumor cells are closely related to the invasive and metastasic ability of cells. The activity of proteases can be regulated at multiple levels (5-7). In cascade reactions, uPA plays a key role and is believed to be the rate limiting step for local tumor invasion and/or distant metastasis formation. Although the activity of proteases can be regulated at multiple levels, the most direct method involves the blocking of protease activity (6, 8) . Therefore, controlling the uPA level or function may be an effective method for the treatment of tumors. Serine protease inhibitor (serpin) is a regulatory factor that controls the activity of serine serine proteases. According to their sequence characteristics and three-dimensional structures, serpins are classified as 18 non-homologous protein families, of which the inhibitory effects of the Kazal-type serpin on uPA activity are the most direct and have the most prospects in clinical applications (9, 10) . Kazal-type serpin is one of the most conservative families, with small molecule polypeptides that can sometimes inhibit tumor cell proliferation and invasion, and thus it has become a novel target for tumor therapy (11) (12) (13) (14) (15) . Protein sequence analysis revealed that Hespintor possessed the basic serpin structure and was highly homologous to esophageal cancer-related gene 2 (ECRG2) (Fig. 10) . The C-terminal of the mature protein sequence of Hespintor and ECRG2 contains a typical CⅠ-X(1-7)-CⅡ-X(5)-PVCⅢ-X(5)-T-X(2)-N-X-CⅣ-X(2-6)-CⅤ-X(9-17)-CⅥ conserved region, coding a Kazal type serine protease inhibitor domain. As ECRG2 inhibits the proliferation, invasion and metastasis of tumor cells, it is possible that Hespintor also has the same ability against tumors (8, (16) (17) (18) .
In this study, Hespintor was cloned to the prokaryotic expression vector, pET-40b(+), and the expression of the fusion and tagged protein Hespintor-Kazal was induced by IPTG. The PET-40b(+) prokaryotic expression vector had two notable features. The first was that it contained the T7 promoter, recognized by the T7 RNA polymerase provided by the host cells. The transcription efficiency of the T7 RNA polymerase was 5-fold higher than that of the Escherichia coli RNA polymerase. The T7 RNA polymerase can highly and efficiently transcript mRNA and many fusion proteins were expressed. The second feature was that the PET-40b(+) prokaryotic expression vector carried Dsbc·Tag, His Tag and S Tag. The induced expression of the 35 kDa tag protein had little effect on the structure and biological activity of the targeted proteins. In particular, the His Tag before and after the target proteins provided the best affinity sites for further purifications of proteins. In addition, enzyme digestion sites of thrombin and enterokinase existed between the tag and target proteins, which were convenient for the removal of tagged proteins after purification of the target proteins (19) . Induction conditions are an important factor affecting the expression of exogenous proteins. Furthermore, the induction temperature, induction time and IPTG concentration are essential for the production of the protein, Hespintor. Since interactions occur among these 3 factors, orthogonal experiments should be adopted. The results revealed that changes in induction conditions had no obvious effect on the expression of the recombinant proteins. The present study found that the solubility of the recombinant proteins was not enhanced and the expression of the recombinant proteins did not improve even when the concentration of IPTG decreased to 0.1 mmol/l and a low induction temperature of 16˚C was used. As there were slight differences in the single factor experiment results, only the best single factor condition was used for the induction and expression of recombinant proteins.
In the protein purification and refolding process, the Ni 2+ column was used for affinity chromatography, and the obtained elution curve was a single peak. Subsequently, SDS-PAGE analysis showed 2 protein bands; one had a molecular weight of 42 kDa, which was the recombinant protein, and the other had a molecular weight of 50 kDa, which was unknown and did not appear in the electrophoresis detection before purification. The analysis results illustrated no multiple associations between the molecular weight of the impurity protein and the molecular weight of the recombinant protein, which was not a recombinant dimer or multimer of the proteins. It is possible that the refolding and aggregation speed was sometimes too fast when the recombinant protein refolded, leading to the random aggregation formation of certain protein species by the 2 disulfide bonds. The SDS-PAGE results demonstrated that some recombinant proteins were still present in the loaded liquid flow of the Ni 2+ column, indicating that the affinity of the Ni 2+ column on the recombinant His tag protein did not reach saturation, or that the recombinant protein structure itself limited the affinity of the Ni 2+ column on the His tag (20, 21) . Based on the above analysis, 500 mmol/l of imidazole was selected to directly elute the Ni 2+ column instead of gradient elution to facilitate subsequent protein purification. The predicted isoelectric point (pI) of the recombinant protein was 7.12 and the pH of the solution buffer was 8.0, thus the Q column was chosen to conduct anion exchange chromatography. Finally, the single band recombinant product protein was obtained.
In this study, the prokaryotic expression system, HespintorKazal, was successfully constructed, and the purified recombinant fusion protein was obtained, which demonstrated the expected biological activity. The purification and refolding process of the recombinant fusion protein, Hespintor-Kazal, as well as the in vivo and in vitro anti-tumor activity of the protein required further investigation in future studies.
